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Background. There are a variety of described noninvasive optical detection techniques for evaluation of head and neck mucosal
lesions. Contact endoscopy is a promising method of in vivo microscopic examination whereby a rigid telescope is placed on a
previously dye-stained mucosa allowing evaluation of the superﬁcial cell layers of the epithelium. This technique produces real-
time, magniﬁed images of cellular architecture of surface mucosa comparable to histology without the need for biopsy. In this
review, we will brieﬂy summarize the eﬃcacy of CE in the detection of precancerous and cancerous mucosal lesions and its
potential as a novel technique in early diagnosis, monitoring, and preoperative assessment of mucosal lesions of the head and
neck. Methods. PUBMED, MEDLINE, and COCHRANE search revealed ﬁve prospective articles on contact endoscopy for the
diagnosisof mucosallesions in the head and neck. Results. The literature search yielded ﬁve prospective studies examining contact
endoscopyforthe diagnosisofbenign versus malignanthead andneck mucosallesions.These reported a sensitivityand speciﬁcity
of77–100%, speciﬁcity of66–100% and an accuracy of 72–92%. Conclusion. Contact endoscopy is a promisingoptical technology
that may be a useful adjunct in the evaluation and diagnosis of benign and malignant head and neck mucosal lesions. Future
prospective randomized double-blind studies of this detection method are required.
1.Introduction
Thevast majorityofcancersin theoralcavityandinthehead
andneckare squamouscell carcinomas(SCCs).Itisthesixth
most common cancer worldwide, and its incidence is rising
in industrialized nations [1, 2]. Head and neck cancer is a
major cause of morbidity and mortality. Many cancers of
the head and neck arise from precancerous lesions such as
leukoplakia.Somestudies quoteleukoplakiaashaving a 10%
chance of transformation into carcinoma. Similarly, other
benign lesions of the oral cavity such as lichen planus may
have a prevalence of 0.5–2% in the general population and
mayhaveariskofmalignanttransformationof1%[3].Thus,
early detectionand diagnosis ofsuspicious mucosal lesions is
essential.
Many benign oral mucosal lesions are not cancerous
which presents a clinical dilemma to the physician. Fur-
thermore, precancerous lesions such as leukoplakia may
exhibit mild structural alterations in the mucosa that can
be diﬃcult to distinguish from normal healthy tissue.
Currently, obtaining histopathology via biopsy is the gold
standard of diagnosis; however, this procedure can pose
signiﬁcant morbidity to the patient such as the risk of
bleeding, wound infection, and potentially impairment
of speech and swallowing if multiple biopsies are per-
formed.2 Journal of Oncology
Moreover, it becomes a clinical challenge to monitor
patients for progression of diﬀuse dysplasia or leukoplakia,
and many of them may require multiple biopsies over many
years. The discomfort of biopsy and compromisation of
tissue integrity can lead to problems with future biopsy
interpretation or in the case of laryngeal biopsy,considerable
problems in individuals with high vocal demands [4].
Subsequently, any technique that can yield histopathological
information without injuring tissue has obvious advantages
over biopsy.
Detailed examinations of the texture, color, contour, and
extent of mucosal lesions have been performed utilizing
many instruments such as the Hopkins’ rod-lens scopes,
ﬂexible endoscopes, direct laryngoscopes, and advances
in microlaryngoscopic visualization techniques. However,
these methods are limited by their inability to provide
histopathological data during the clinical examination.
As a result, over the last decade, technological advances
in optical imaging detection techniques have emerged with
a variety of methods employed to facilitate detailed exam-
ination and provision of histopathological information of
mucosal lesions. Examples of such novel optical techniques
include: aminolevulinic acid-induced ﬂuorecence, autoﬂuo-
r e s c e n c e ,c o n f o c a le n d o m i c r o scopy, and contact endoscopy.
Aminolevulinic acid-induced ﬂuorescence is a technique
whereby neoplastic cells undergo preferential ﬂuorescence
after aminolevulinic acid (ALA) has been applied to the
mucosa surface. In the presence of ALA, tumors have
selective accumulation of protoporphyrin which can be
diﬀerentiated from healthy tissue. Once this “dye-like”
substance has been applied, mucosa containing neoplastic
cells will ﬂuoresce orange red and normal mucosa will
retain the normal green ﬂuorescence. Coupled with autoﬂu-
orescence, several authors have noted that these techniques
can diagnose laryngeal carcinoma and dysplasia with good
accuracy [5].
Autoﬂuorescence was ﬁrst described in identiﬁcation of
neoplastic cells of the larynx by Harris et al. [6]. Tissue
ﬂuorescence is induced by short-wave blue light of the
visible spectrum. Certain molecules then transform into
photonic energy, which is emitted as long-wave scattered
light which can be detected. Each molecule has a characteris-
tic ﬂuorescence spectrum dependent on the excitation light.
These ﬂuorescent molecules are called ﬂuorophores. The
autoﬂuorescence imaging method detects the ﬂuorecence
givenoﬀby the diﬀerentconcentrationsofﬂuorophoresseen
in normal and neoplastic mucosa. Normal healthy mucosa
ﬂuoresces bright green while neoplastic mucosa appears
red violet [7]. Thus, autoﬂuorescence videoendoscopy for
photodiagnosis of head and neck squamous cell carcinomas
has been described as being quite accurate with good
sensitivity and speciﬁcity in several studies [6–16].
Unlike ALA and autoﬂuorescence where histological
detail is not appreciated, other optical techniques such as
narrow-band imaging endoscopy (NBIE) allows increased
visualization of histological detail. NBIE uses ﬁltered light
with wavelengths preferentially corresponding to peaks of
absorption of hemoglobin to enhance superﬁcial neo-
plasms based on their neoangiogenic pattern. These light
wavelengths penetrate superﬁcial mucosal and deep submu-
cosallayers toenhance capillary and submucosalvasculature.
The obtained image is further enhanced by using high-
deﬁnition television (HDTV) [17] .C a r c i n o m a sc a nt h e nb e
identiﬁed based on the changes in the microvascular pattern
of the mucosal lesion. Several studies have shown good
sensitivity, speciﬁcity, negative and positive predictive value,
and accuracy in detection of squamous cell carcinoma of the
oral cavity, oropharynx, larynx, and esophagus [17–20].
However, instead of solely relying on neoangiogenic
patterns for diagnosis of carcinoma, further histological
detail can be obtained with the use of confocal endoscopy
which is an in vivo optical imaging method whereby
mucosal lesions can undergo signiﬁcant magniﬁcation to
allow examination of cellular histology. This technique also
allows reconstruction of three-dimensional structures based
on the acquired images. Utilization of various stains to
help highlight cellular structures has been tried by some
authors to distinguish normal from invasive carcinoma
cells. The utility of this new technology is highlighted in
its capability to distinguish between benign or low-grade
mucosal dysplasia thereby potentially reducing unnecessary
biopsies [21].
Contact endoscopy is another novel noninvasive optical
diagnostic imaging method that allows in vivo and in situ
examination of the cellular architecture of the superﬁcial
layers of the mucosal epithelium. Magniﬁed images are
obtained using Hopkins’ rod-lens endoscope placed on the
surface of the dye stained mucosal tissue. This technique
allows assessment of precancerous and cancerous lesions
in vivo and has signiﬁcant potential in the histopathologic
diagnosis of many suspicious head and neck mucosal lesions
without tissue biopsy.
CE was originally described and used by Hamou in
1979 as a technique for visualization of cervical and uterine
epithelial cells for screening and diagnosis of cervical and
uterine pathology [22]. The ﬁrst reported use of CE in
otolaryngology head and neck surgery was by Andrea et al.
as a diagnostic tool in the evaluation of various pathologies
in the larynx in the 1990s [4, 23–30]. They were able to
visualize and diagnose laryngeal mucosal pathologyfrom the
magniﬁcation of vocal fold epithelium and microvasculature
during microlaryngoscopy after staining the vocal cords with
methylene blue dye.
Current contact microlaryngoscopes come in a variety
of lengths, diameters and viewing angles. Diameters, of
these scopes come as either 4mm or 5.5mm and lengths
of 23cm and 18cm. Straight forward (O◦)a n dF o r w a r d -
Obliquetelescopes(30◦)arealsoavailable,andallarecapable
of1x,60x,and150xmagniﬁcation.Theseendoscopesrequire
a high intensity xenon light source, and images can be
digitally captured for real-time photographic and video
documentation, Figures 1 and 2.
The most basic technique of CE involves staining of
the superﬁcial cells of the mucosa with a contrast dye,
1% methylene blue (MB) after which the magnifying
endoscope (Karl Storz 8715AA, Tuttlingen, Germany) 0◦ is
then placed in contact against the mucosal surface, and the
documented magniﬁed cytological images (at 60x or 150x)Journal of Oncology 3
Figure 1: Top (zero-degree) and bottom (thirty-degree) contact
endoscopes.
Figure2:Closeupofendoscopetips.Top(zero-degree) andbottom
(thirty-degree) contact endoscopes.
are then recorded, Figure 3. Both a cytopathologist and an
otolaryngologist can then assess these images, comparable
to histology, Figure 4. Contact endoscopy and its eﬃcacy in
head and neck oncology, advantages, limitations, and future
potential diagnostic utility will be brieﬂy reviewed in this
article.
2.Methods
The literature search was conducted using the following key
terms: “contact endoscopy”, “contact microlaryngoscopy”,
“Aminolevulinic acid induced ﬂuorecence”, “autoﬂuores-
cence”, “confocal endomicroscopy”, “oral mucosa”, “oral cav-
ity”, ”larynx”, “oropharynx”, “hypopharynx”, “head and neck
carcinoma”, “leukoplakia”, and “lichen planus.” Signiﬁcant
publications were identiﬁed using MEDLINE, COCHRANE
and PUBMED databases. Relevant search terms and com-
binations using Boolean operators were performed, and
relevant article selection was limited to the prospective,
human and English studies without restriction to year of
publication. All appropriate article references were searched
and cross-referenced.
3.Results
Five prospective articles were examined. Eﬃcacy data from
these studies are summarized in Table 1.
Figure 3: An otolaryngologistperforming contact endoscopy of an
oral mucosal lesion.
Warnecke et al. [30] examined 42 consecutive patients
at a tertiary care center with suspicious lesions of larynx,
pharynx, andesophagusundergeneralanesthesia. Indication
for endoscopy was a tentative clinical diagnosis of malignant
tumor of oropharynx. All were biopsied postendoscopy. The
results obtained by the cytopathologist and otolaryngolo-
gist were based on images generated from the CE. The
histopathology obtained was considered the gold standard.
All of the samples obtained were blinded. They found that
the more experienced the examiner, thehigher the sensitivity
of CE was in the diagnostic diﬀerentiation of benign versus
malignant mucosal lesions.
Cikojevi´ ce ta l .[ 4] examined the utility of CE in intraop-
erative diagnosis of laryngeal pathology. They included 142
patients undergoing microlaryngoscopy at their institution
with various laryngeal diseases all underwent CE and subse-
quent biopsy for histopathological diagnosis. All malignant
lesions identiﬁed by CE was conﬁrmed by histopathology,
but CE did not identify malignancy in 10 patients diagnosed
histopathologically thus giving CE a sensitivity of 79.6%,
speciﬁcity of 100%, and accuracy of 93%.
Tarnawski et al. [31] examined 54 patients with various
laryngeal pathology intraoperatively during microlaryn-
goscopy. CE was performed, and biopsies were taken from
all patients for histopathological diagnosis. Their results
were based on computer-assisted analysis of all CE images
based certain nuclear morphometric parameters to deter-
mine benign from malignant lesions. Thus, based on their
computer-assisted analysis of CEimages, theirsensitivity was
91% and speciﬁcity 81%.
Pak et al. [32] prospectively examined 64 patients with
previous irradiation for nasopharyngeal carcinoma (NPC).
All patients were examined with contact rhinoscopes under
local anesthesia and biopsy of the area under examination
was done . In all 5 cases of malignancy, CE and histological
diagnosis directly correlated with each other.
Most signiﬁcantly, for the prediction of persistent and
recurrent disease, sensitivity and speciﬁcity for CE was 100%
with an accuracy of 92.1%.
Finally, Arens et al. [26] pilot study examined 83 patients
using both autoﬂuorescence and contact endoscopy during
microlaryngoscopy. For contact endoscopy, the calculated4 Journal of Oncology
(a) (b)
Figure 4: Images (150x magniﬁcation)of a benign (normalmucosa on pathology) and malignant(squamous cell carcinoma on pathology)
oral cavity lesion demonstrating magniﬁed cellular architecture as acquired by contact endoscopy.
Table 1: Summary of eﬃcacy data from prospective contact endoscopy trials.
Author Study type
Number
of
patients
Number
of males
(M) and
females
(F)
Average
age (age
range)
Type of
institution
Head and
neck subsites
Type of lesions
examined
Sensitivity
%
Speciﬁcity
%
Accuracy
%
Warnecke
et al. [30] Prospective 42 M = 30
F = 12
55.6
(21–76) Tertiary
Pharynx,
hypophar-
ynx,
larynx
Normal and
inﬂamed mucosa,
dysplasia,
SCC
90 93.8 88
Cikojevi´ c
et al. [4] Prospective 142 M = 101
F = 41
N/A
(19–81) Tertiary Larynx
Benign,
hyperplasia,
dysplasia (grades I,
II, III), papilloma,
CIS, SCC
79.6 100 93
Tarnawski
et al. [31] Prospective 54 M = 22
F = 17
51.9
(47–69) Tertiary Larynx
Normal mucosa,
mild & severe
dysplasia, SCC
91 81 N/A
Pak et al.
[32] Prospective 64 M = 54
F = 10
42
(21–77) Tertiary Nasopharynx
Metaplasi, atypia,
granulation tissue,
carcinoma
100 100 92.1
Arens et al.
[26] Prospective 83 N/A N/A Tertriary Larynx
Normal mucosa,
dysplasia (grades I,
II, III).
94.7 95.5 94
N/A=not available; CIS=carcinoma in situ;SCC=squamouscell carcinoma.
sensitivity was 94.7, speciﬁcity of 95.5 and an accuracy of
94%.
In summary, authors of the above prospective trials have
obtained the following results: a sensitivity of 79–100%, a
speciﬁcity of 81–100%, and an accuracy of 88–94%. Overall,
it appears that sensitivity, speciﬁcity, and accuracy of CE are
similar across the trials.
4.Discussion
Sincethe developmentof contact endoscopy,this technology
has been used successfully by several authors in analyzing
and diagnosing various pathologies of the larynx, oral cavity,
oropharynx, and nasopharynx via “real-time” examination
of mucosal cytological detail [4, 26–31, 33–36]. Despite its
introduction into otolaryngology, CE has yet to ﬁnd a place
in routine clinical practice despite its potential advantages.
From the above clinical trials, CE appears to have good
sensitivity, speciﬁcity, and accuracy as a noninvasive method
for distinguishing between benign and malignant mucosal
lesions in the head and neck. However, some authors state
that it may be diﬃcult for CE to detect mild (grade I)
mucosal dysplasia because most of the cellular anomalies
occur in at the level of the basal epithelium, and this
techniquecanonlyexamine cellulararchitecture foundatthe
superﬁcial epithelial layers [4, 21].
Despite this limitation, other authors have found CE
diagnosis to correlate well with histopathological ﬁndings.
Most signiﬁcantly, CE accurate ability to diagnose and
tease out the histological diﬀerences between squamousJournal of Oncology 5
metaplasia, atypia, and carcinoma even in the presence of
irradiated mucosa was highlighted by the study performed
by Pak et al. [32].Atpresent, most authorsseem toagree that
ithas signiﬁcant potential as a noninvasive detection method
that could play a role as a future substitute for histological
examination.
There are several advantages of contact endoscopy. Most
signiﬁcantly, it oﬀers a noninvasive, rapid, and repeatable in
vivoassessment ofthecytologicalarchitecture while avoiding
the need for an invasive biopsy and its associated risks. CE
providesimmediate results, with thepossibility ofexamining
multiple mucosal areas in a short time. CE can also assess
a wider surface mucosal area, providing more information
than a selected histological section taken by biopsy [30].
It also avoids tissue damage and alteration of cellular
architecture which may occur in the biopsy and histological
preparation [4]. This noninvasive technique also helps to
direct the site of biopsy by identifying areas with cellular
atypia and thus avoiding the need for multiple biopsies.
Subsequently, this results in a dramatic improvement of the
diagnostic yield of the biopsy [32]. Other potential roles
of CE include the rapid diagnosis of benign and malignant
mucosal lesions in an outpatient or operating room setting,
surveillance, guided biopsies, and intraoperative evaluation
of tumor resection margins.
Despite its advantages, CE does have its limitations.
Most notably, CE can only evaluate the most superﬁcial cell
layer of the mucosal epithelium. This is most likely due
to a number of factors including (i) poor penetration of
methylene blue which only stains a few superﬁcial layers,
(ii) short focal distance of the scope (i.e., CE can only
assess to a depth of 80um at 60x magniﬁcation and 30um
at 150x magniﬁcation), and (iii) optical artifact at high
magniﬁcation due to glare from light reﬂected from cells not
in focus. Subsequently, assessment of submucosal lesions or
lesions occupying deeper cell layers becomes more diﬃcult
[4, 27, 28, 30, 32, 33].
The lack of depth of penetration prevents the evaluation
of important histological information especially when verti-
calextentofdysplasia iscrucialindistinguishingthediﬀerent
gradesofdysplasia from carcinoma insituandinvasive carci-
noma. As a result, these factors could aﬀect the sensitivity of
C E ,t h u sa c c o u n t i n gf o rs o m eo ft h ef a l s en e g a t i v ed i a g n o s t i c
results noted by authors. The potential impact of CE missing
amalignantlesion needstobetakenintoconsiderationifthis
technology is to one day substitute histopathology. Future
investigation into better penetrating dyes, advances in digital
optics, and image enhancements will eventually allow better
vertical staining and increased resolution of the deeper cell
layers which would translate CE in becoming a much more
sensitive and accurate diagnostic tool [31].
A pilot study conducted at our institution also investi-
gated some of the limitations and potential advantages of
CE in the evaluation of head and neck mucosal lesions.
From our preliminary experience, technical diﬃculties with
line of sight, access diﬃculties to mucosal surfaces, scope
positioning, and problems with consistent image quality due
to artifact were consistent with those found by previous
authors [30, 33].
Our pilot study also demonstrated that although CE is
a simple, rapid, repeatable, noninvasive examination per-
formed with standard equipment, there is a learning curve
associated with its use. However, once one is accustomed
with this detection system, CE can be performed almost as
quickly as an outpatient ﬂexible ﬁberoptic nasopharyngo-
scopic examination.
In conclusion, in vivo assessment of head and neck
mucosal pathology may be applied to (i) early detection
of premalignant and malignant lesions, (ii) serial follow-
up examinations of suspicious lesions such as leukoplakia
and lichen planus, and (iii) assessment of resection margins.
Despite its limitations, CE represents a promising optical
technology that may aﬀord reliable, accurate, and noninva-
sive in vivo assessment of cytological pathology. Prospective
investigation with CE is currently ongoing at our institution
and necessitates close collaboration between otolaryngolo-
gists and pathologists. We hypothesize that future study will
demonstrateimprovedsensitivity,speciﬁcity,andaccuracyof
contactendoscopyinthediagnosisofheadandnecktumors.
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